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1. Intr odtlCtio n
Clo uds a ctu ally o c c up yabo ut 6 0 %c o v e rage ofthe e a rth
r
s s u rfa c e a nd play a c o n 81de r ably
import ant r olefo rfo r m atio n ofthe clim ate thro ugh radiativ epr o c es s es. T heirlarge
v a riatl O n Sboth in ho riz o n土ala nd v e rtlcale xte nt m ake situ atio n s m o r e c om plex. In orderto
e valu atet he effe cts ofclo uds o nthe e a rth
l
s r adiatio nbudget, itisim port antto obs e r ve
globally n ot onlythe m a c r o s c opic v a riable s. s u ch a s clo ud a m o u nta rld height, butal8 0
clo ud optic ala ndrnlc r ophysic alpr ope rtie s S u ch a s clo ud optic al thickn e s s a nd e艶 ctiv e
pa rticle r adiu s(hereafter clo udphysicalpar a m et r s), W hich are more clos ely relatedto the
r adiatio n bu dget.
M otivated bythis ba ckgr o u nd. w eha v ede v eloped a retrie valalgo rith m which c an be
e甲 a ndedinto glob als c ale ba s ed o nNakalim a a nd Nakajim a(1 9 9 5)fo r clo ud physical
par a7n ete r SI
2. Retrie ▼d Pri7L Ciple 8
We llS eCloud- reflected sola r radiation fo r r etrie ving clo udphyslcalpar a Tn ete r S. T hefa ct
thatthe.
cloudoptlcal thickn essis m ainly a fun ctio n ofch an n el- 1(vlslble. ch l. 0.63FL m)
sign al, whilethe effe ctiveparticle radiu sis m ai nly afu n ctio n ofcha n n eト3(n e a トinfr a red.
ch 3･ 3･ 7 3FL m)signalis apphedto analysisI Bo thsl酔 als, ho w ei,e rr co ntain u nde sirable
c o mpo n e ntsfo rdete r min atio n;in ch l, su rfa c erefle ctio n, in ch3, surfa c e refl ctio n a nd
the rmai eTnis sion sfr o mthe gr o u nd, the clo ud laye r, a nd t he at皿 O Sphe rlclaye rs･ T he s e
u nde sirable c o mpo n e nts Tn u St be re m ov ed fro m obs e r ved slgn als･ M o r e o v e r, w ate r v apo r
abs orptio n affe cts ch 3sign al. w hileit is n egligiblein ch l･
In a ctualdata a nalysis, w e a声opted alo ol⊂-uptable(L U T) m ethod. LUT is s ets ofs olutio n s
ofr adiativ etr an sfe r equ atio n s u nde r v ario u s c o nditio n s ofge ophysical and angula r
pa r am et r s, s u ch a s clo ud optic al thickn e s苧, effe ctⅣ epa rticle radiu s, clou d top height･
clo udge o m etricalthickn e s s. s atellite z e nith an d sola r z e nith a nd relativ e a zln uth angle s･
As m e ntio n ed abo v e. sin c e ch 3 ha s w ater v apor abso rption , LUT for ch 3is m ade tobe
fe a siblefo r v a rio u s w ate rvapo r amou nt. So o u rL U T, o r algo rithm isindepe nde nt of
atm o sphe ric c o nditio n s. Itm e a n sits applic abihty ofe xp andl ngintoglobals c ale a n alysi8 ･
m e a n cilla rydata s u ch a ste mperatu re, hu midity, anやge opote ntlalheigh ta r efr o mN C E P
re a naiysis obje ctiv e a n alysis data . Obse rved radian c e c o r r e cted and the o r etic al r adi an c e
sto redin L U Ta r e c om pa r ed, a nd a nite ratio nis c o ntin u ed u ntilthe optim al solutlons will
be obtain ed.
3･ Co mp8∫1s o n withln situ m eas u r e m e nts
h o rde rto v erib,t he a c c u ra cy of tbe algo rithm , w e c o mpa re s atellite retrie valsto which
this algo rithm is applied within situ m e a su r e m e nts syn chr o n o u sto s atellite obse rv atlO n S･
W e ha v e s u rv eyedln sltu clo ud mic r ophysical m e a s u r e m e nts with airc r afts andb alo ons
condu ctedfr o m1 98 1 to 1 92, a nd a m o ngthe m. the on es whoselo e atlO nandtim ehad
be e n clo s eto s atellitepa s s age w e re o nly s ele cted･
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Fig.1 sho ws the res ult of the c o mpa ris o n. W it hin s atisfa cto ry e r r o r s a r e r etrie v ed the
effe ctiv eparticle radiiof both str atifo r m and c o n w ctiv edo uds. As e r ro r so u rc e sin a nalyzing
actu al s atellite data. . w e c a n cite cir rus c onta mination , pa rtial clo ud c o v e r, a nd clo ud
inhom ogenityargu edin Ham etall(1 9 9 4), s e n s o rdis cr etiz atio n and calibratio n u rlC e rtaintie s
su m m ariz ed in Pin cu s et al.(1 9 9 5), sligh tgaps betw e e n s atellite iTn age ry a nd in situ
m ea s u re m e nt pointternpo ral ly a nd spatial 1y. a rid u n c e rtaintie s of m ete o rol glCalpa ra 皿 et r S
take n丘.o mt he a n c皿 a rydata.
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4. Qlobal An dys e 8
W e ha v epe rfo rm edglob ala nalys e s ofclo ud physicalpara m eters ofJ an . . APT. , Jul. , and
Oct･ ln 1 9 8 7･ Fig･ 2 sho w s m aps ofclo ud physicalpa r a mete rs in J an ･ and Jut. . and Fig.3
illu str ate st he latitu din aldistributio n of clo ud physlcalpa ra m et r s, alo ng wi th Man et al.
(199 4)
'
s r e sult, w hich analyzed als o19 8 7c a s e. Sin c ethes efigu res are m o n o chr o m atlc, s e e
Ka w a moto et aL(u nde rpr epa ration)in datail.
As for cloud opticalthickn e s s. differenc e s ofs u m m e r str atu s clo uds , w hich o c c u r a ro u nd
40 ～ 50(deg.)o v e rt he s u rn n e rhe misphe ric/oc ean . and optical lythick clo uds du eto o c e a Jl
upw elling r egio n s s u ch a s offPe ru betw e e nJa m. and J ul. a r e ap pa r e nt. While a sfo r
effe ctiv epa rtide r adiu s. ge n e ral ly the v alu e s o v e r o ce a n a r ela rge rth an tho s e of la nd,
s ugge stingdiffe r e n c e ofa e r o s ol abu nda n c e. In c o a st alregio n s, eve n ove r o c e an, t he v alu e s
a r e Simila rto t ho s e ofla nd. This m aybe ca u s edby contin e ntal airTn a S Sflo w ninto o c e a n.
T he Se a s o n al v ariatio n o v e r equ ato rial Afric a a nd Ama z o nba sin c a nbe e xplain ed bythe
diffe r e n c e of rainfall, sin c eC C N(clo ud c o nde n s ation n u clei) r e m o val du e to rainfall
(precipitatio n s c a v e nging) w o uldin c re a s e clo ud droplet radiu s. GP C P【Global Pr e cipitatio n
Clim atologyProje Ct〕re sults(n ot sho wn)s up po rtthiside a.
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Fr o mFig･ 3 about effe ctiv epa rticle radius, Ha m et al/s r e sult and o u r s a r e v e ry sim ua rin
shape s, but o u rs is large rby abo ut 1.5 FL mt ha ntheir s. Ha m him s elfs aid it c a u s ed bythe
differen ce ofc alibr atio n c o e瓜cie nts(private c o m-m tmic ation).
Abo ut clo ud opticalthickn ess, the valu e sin higherlatitudes tend tobela rge r･ T hisfeatu re
m ay be c a u s ed by3
- D effe ct of clo uds which ar e r e m a rkable in1a rge r s ola r 2:e nit h angle s･
(Loeb a nd Da_vie s, 19 96)
I
S･ Co n eh dizLgRe m 肘ks
W e ha v ede v eloped the algo rith m which is c apable ofglobal s cale an alysis of clo ud
physicalpa r a m et r s, a nd perfo r m edglobala nalys e sin a Sea s on altim e scale. So m e fe atu re s
of clo ud physicalp ar a m et rs w ere des c ribed s u ch a s o c e a n-la nd c o ntra st, n e a r c o a st l
r egionsidlu e n c ed bydiffe re nt chara cteristic s ofa l rm a S S. and s e a s o nalv a riatio n ofeffe ctiv e
r adiu s c a u s ed byr ainf d diffe r e n c e. T he nthe re sult ofHan et al一 (1 9 9 4)and o u r re sult w ere
c o mpa red. ¶1dr re s ult is s m alle rby1. 5〟 m 也 an o u r s･
Rece ntly. 也 e re s e arch of a ero s ol- dou d lnte r a c也o n s wi也 s atellite re m ote s e n sing ba 島
begu n(e.g. Ka ufr n a n and Nakajim a, 1 9 9 3ト Ou r algo rithm c a nbe u s ed fo rthe pu rpo s e
effe ctiv ely c o mbin ed with aer o s olopticalpr ope rtie sfro m Higu r a shi a ndNakaji皿 a(1 9 9 8).
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